The second dissociation constant, pK 2 , and related thermodynamic data for BICINE have been previously determined and reported from temperatures (278.15 to 328.15) K. For the present study, three buffer solutions without NaCl, and five with NaCl yielding an ionic strength (I = 0.16 mol·kg -1 ) similar to that of blood plasma were prepared. These buffer solutions have been evaluated in the temperature range of (278.15 to 328.15) K using the extended form of the Debye-Hückel equation. The Bates-Guggenheim convention is only valid when I< 0.1 mol·kg -1 . Values of the residual liquid junction potential (δE j ) between the BICINE solutions and the saturated KCl calomel electrode have been estimated at (298.15 and 310.15) K. Two BICINE buffer solutions are recommended as primary standard reference solutions for pH measurements of biological fluids.
INTRODUCTION
Good et al. [1, 2] have recommended a set of zwitterionic amino acid buffers for the investigation of physiological solutions across a broad pH range.The second dissociation constant (pK 2 ) of the zwitterionic buffer BICINE has recently been published [3] . Standard pH values of six buffer solutions of BICINE and NaBICINE without NaCl in the ionic strength range I = 0.02 to 0.08 mol·kg -1 and four buffer solutions in isotonic saline media of I = 0.16 mol·kg -1 with NaCl from (278.15 to 328.15) K have been reported earlier from this laboratory [3] . The pH values at these temperatures particularly at (298.15 and 310.15) K in a wide variety of buffer solutions differing in buffer ratios and specific concentrations of BICINE and NaBICINE are highly significant for biomedical research and other clinical media. In previously published research, the buffer ratios of BICINE and NaBICINE without the presence of Cl -are 1:1; whereas, for buffer solutions containing Cl -with I = 0.16 mol·kg -1 they primarily are 1:1, 2:1, and 4:1. But there is a gap of pH data for some important concentrations and buffer ratios. The purpose, meaning and justification of this present investigation are clearly stated below.
In order to establish a 'universal' pH scale for pH measurements of blood plasma and other clinical samples, there is a strong need for reliable pH values of the same buffer, but different buffer concentrations and buffer ratios so that the pH values would lie within the physiological region of pH 6 -8. Thus the investigation of BICINE buffer of some *Address correspondence to this author at the Hoffman Department of Chemistry, Drury University, 900 N. Benton Ave., Springfield, Missouri 65802, USA; Tel: 417-873-7247; Fax: 417-873-7856; E-mail: rroy@drury.edu additional and entirely new buffer ratios and concentrations are essential for filling this missing gap in the establishment of a self-consistent pH scale for physiological application. Thus the authors have conducted this study with a view to providing accurate pH data for eight (three without NaCl and five with NaCl) completely new buffer ratios and buffer concentrations of BICINE and NaBICINE. The results are highly satisfactory. Now the combined reliable pH results of ten buffer solutions from previous publications [3] and eight buffer solutions from the present study would complete the missing gap and significantly advance the pH database for the establishment of a 'universal' pH scale.
The zwitterionic buffer HEPBS [4] has been recommended as a secondary standard in the pH range 7 to 8 for clinical research. The goal of the current investigation is to provide reliable and accurate pH values for the N-substituted amino acid buffer BICINE, the structure of which is given in Fig. (1 Wu and associates [7, 8] have published pH and pK 2 values for N-(2-hydroxyethyl)piperazine-N′-2-ethanesulfonic acid, HEPES; and MOPSO. Roy et al. [9] reported pK 2 and pH values of N-substituted aminopropane sulfonic acid DIPSO buffer. These solutions are useful for pH control in the physiological region close to that of blood serum.
The following compositions were examined for the determination of pH(s) values:(a) BICINE (0.02) + NaBICINE (0.02), (b) BICINE (0.04) + NaBICINE (0.08), (c) BICINE (0.06) + NaBICINE (0.06), (d) BICINE (0.02) + NaBICINE (0.02) + NaCl (0.14), (e) BICINE (0.04) + NaBICINE(0.04) + NaCl (0.12), (f) BICINE (0.05) + NaBICINE (0.05) + NaCl (0.11), (g) BICINE (0.06) + NaBICINE (0.06) + NaCl (0.10), (h) BICINE (0.09) +NaBICINE (0.03) + NaCl (0.13).
EXPERIMENTAL
The BICINE was obtained from Sigma Chemical Company. After recrystallization two times from 75% ethanol, an assay of 99.96% with a standard deviation of 0.04% was obtained by titration of BICINE with the standard NaOH solution. The detailed procedure has been previously reported in the literature [10] . Buffer solutions from (a) to (h), as mentioned above, were prepared from mass methods by weighing solid BICINE buffer, ACS reagent grade and recrystallized NaCl, a standard NaOH solution (for the preparation of NaBICINE), and carefully calculated amounts of double distilled CO 2 -free water. Buoyancy corrections were made for all masses used in buffer solution preparation.
The cell design, preparation procedures of the hydrogen electrode using chloroplatinic acid, hydrogen gas purification, silver-silver chloride electrode of the thermal electrolytic type, solution preparation, voltmeter and other experimental details have been described previously [9, 11, 12] .
METHODS AND RESULTS
The emf (electromotive force) values needed for the pH(s) calculations are given in Tables 1 and 2 for the following cell (A) containing three solutions without NaCl and five solutions with NaCl to give them an ionic strength of I = 0.16 mol·kg -1 . The emf values have been corrected to a hydrogen pressure of 101.325 kPa. At T =298.15 K the uncertainties of emf, on the average, lie within 0.02 mV in all experimental temperatures.
The method of Bates [5, 10] has been used to evaluate the conventional standard pH values for buffer solutions (a) to (h) as was done previously [12, 13, 14] where the symbols "s," "l," and "g" imply the solid, liquid, and gaseous states.
In routine laboratory pH measurements, a glass electrode of the pH meter commonly replaces the hydrogen electrode. 
where m 1 = 0.008695, and m 2 = Na 2 HPO 4 . The values of the liquid junction potential, E j , for the phosphate buffer and the buffer solutions were obtained using the flowing junction method [8] . The δE j values of the standard buffer solution for cell (B) were calculated using the following equation:
where the values of k = 0.059156, pH = 7.415 at T = 298.15 K; k = 0.061538 and pH = 7.395 at T = 310.15 K were obtained from the literature [12] . The pH(s) values are that of the standard phosphate buffer solution and the pH(x) for BICINE buffer solutions. The relationship between pH(x) and pH(s) is as follows:
To calculate the pH values for all buffer solutions under investigation, calculations were made to determine the acidity function, denoted as p(a H  Cl ), in the temperature range (278.15 to 328.15) K. These calculations [10] [11] [12] [13] [16] [17] [18] were made using the emf (E) values listed in Tables 1 and 2 , the molality of the chloride ion, and the standard electrode potential of the silver-silver chloride electrode (E°). The equation to calculate the quantity p(a H  Cl ) is shown below:
where "k" is the Nernst slope. When plotting p(a H  Cl ) vs. m Cl -, linear line with a small slope was obtained to determine the intercept on the y-axis to give a p(a H  Cl ) value at m Cl -= 0. These p(a H  Cl ) values for the chloride-free buffer solutions are listed in Table 3 
where the single-ion activity coefficient,
, cannot be experimentally measured. For the calculation of , the "pH convention" commonly known as the Bates-Guggenheim convention [5] , is expressed by the equation:
The International Union of Pure and Applied Chemistry, IUPAC, has recommended the use of this convention, but Eq. 5 is assumed to be valid for systems where I is no more than 0.1 mol·kg -1 . For I greater than 0.1 mol·kg -1 , there is no single widely accepted convention. A superior choice for solutions with I greater than 0.1 mol·kg -1 may need to include a linear-dependent "CI" term shown in Eq. 6 with an ion size parameter as well as be temperature dependent.
An extended Debye-Hückel equation [7, 9] has been selected to be the more logical approach to calculate when I is greater than 0.1 mol·kg -1 for all of the buffer solutions containing Cl¯.
where "I" is the ionic strength of the buffer solution, "A" and "B" are slope parameters known as the Debye-Hückel constants, and "C" is an adjustable parameter defined by Eq. 7.
The following empirical equation is used for the calculation of the adjustable parameter "C" and was obtained from a curve-fitting method [7, 9] : 
where C 298.15 = 0.032 kg·mol -1 at 298.15 K and "T" is the temperature in Kelvin. The pH(s) values listed in Table 5 for the BICINE buffer solutions without the presence of Cl¯ were calculated using the following equations with their respective solution compositions: For the buffer solutions containing NaCl, with an isotonic saline media ionic strength of I = 0.16 mol·kg -1 , the pH(s) values were also calculated using Eqs. 3 to 7.The acidity function data p(a H γ Cl ) for buffer solutions containing NaCl are listed in Table 4 . The values of the pH(s) for these solutions entered in Table 6 are expressed by use of the following equations: BICINE (0.02) + NaBICINE (0.02) + NaCl (0.14):
pH(s) = 8.000 -(1.59·10 The observed standard deviations of regression from Eqs.11 -15 are 0.0018, 0.0013, 0.0008, 0.0013, and 0.0012, respectively.
CONCLUSIONS
The emf values of cells (B) and (C) at (298.15 and 310.15) K are given in Table 7 . The operational pH values at these two temperatures were evaluated from cells (B) and (C) by means of the flowing junction cell [7, 9] . The values of δE j were obtained using Eq. 1and are also listed in Table  7 . The summation of the standard uncertainties for the pH(s) values was accounted for by combining multiple known sources of error: (i) values of p(a H  Cl )° for Cl¯ free solutions are within ± 0.001 pH unit, (ii) assumption for the calculation of log using Eq.6 leads to an error of ± 0.002 pH unit; (iii) emf measurement is within ± 0.001 pH unit, and (iv) estimation of δE j values yield an error of 0.003 pH unit. Thus, the overall error is ± 0.007 pH unit for buffer solutions with and without the presence of Cl¯, respectively. ory [19] [20] for the calculation of the single ion activity coefficient, γ Cl .
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